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AN ELECTRON MICROSCOPE STUDY OF NORMAL HUMAN
NON-KERATINIZING ORAL MUCOSA*
ALVIN S. ZELICKSON, M.D.t AND J. FRANCIS HARTMANN, PmD4
In a recent study of human epidermis (1, 2) it
became apparent that the use of a new polyester
(Vestopal W) as an embedding medium resulted
in excellent rendering of cellular detail in epi-
dermal cells. Using this medium the fine structure
of non-keratinizing human oral mucosa (3—5) was
studied as part of an investigation concerned with
keratinization.
METHOD
Normal mucosa was obtained from the inner
surface of the lower lip of adult white males
between the ages of 32 and 64. The tissue was
fixed and embedded in a manner previously de-
scribed (6) and an RCA EMU-2A electron micro-
scope was used to study the sections.
RE5ULT5
A "subepithelial membrane", fibrillar in
nature, is found separating the basal cells from
the corium (Fig. 1). It in turn is separated from
the epithelium by an almost constant distance of
200—300 A. In section, the basal cells are oval
with their longest diameters perpendicular to the
surface (Fig. 1). They are peculiar in having
numerous and irregular projections which descend
into the corium (Fig. 2). These cells arc also
loosely arranged and separated from their neigh-
bors by intercellular clefts (Fig. 2) which extend
from the corium toward the surface. Cytoplasmic
projections resembling microvilli project into
these intercellular clefts. In other places the
basal cells are connected by desmosomes (Fig.1).
These consist of thickenings of apposed cell mem-
branes with two or three dense lamellae distinguish-
able between them. Short intracellular tono-
filaments terminate at the desmosomes (Fig. 4).
Regular thickenings of the basal cell membrane
* From the Division of Dermatology, Univer-
sity of Minnesota Medical School, (Dr. F. W.
Lynch, Director), Minneapolis, Minnesota. t Pro-
fessor of Anatomy, University of Minnesota.
Aided by research grants M-388 and B-782 from
the National Institute of Mental Health and the
National Institute for Neurologic Diseases and
Blindness, U. S. Public Health Service, and by the
Graduate Medical Research fund of the Uni-
versity of Minnesota.
Received for publication March 9, 1961.
also occur on that cell surface which faces the
"subepithelial membrane". These "half-desmo-
somes" (Fig. 1) are approximately 700 A in
length. Some tonofilaments do not show the more
typical radial arrangement, but arch over to
terminate on neighboring "half-desmosomes".
The nucleus of the basal cell is usually round to
oval (Fig. 1) and contains a nucleolus. The nu-
cleus has two membranes, the outer of which is
sometimes found to be in close proximity to an
invagination of the plasma membrane. Mito-
chondria are abundant (Fig. 1) and are localized
around the nucleus. The mitochondria range in
size from 2500 A to 10,000 A and often contain
small dense particles. The Golgi apparatus (Figs.
3 and 13) is especially well developed in the cells
of the oral mucosa, being represented in part by
groups of small vesicles at opposite poles of the
nucleus. The endoplasmic reticulum is poorly
developed and tonofilaments apparently are at a
minimum.
Cells higher in the mucosa are much more
elongated (Figs. 5 and 6) and are oriented parallel
to the surface. At this level, an increasing number
of plications occur in the plasma membrane. The
cell boundaries are here more closely apposed to
one another with an absence of the previously
mentioned clefts, and desmosomes appear to be
more plentiful. In the more elongated cells, the
mitochondria are spread in a lateral direction
from the poles of the nucleus. Filaments are still
few in number and the cytoplasm appears more
granular than at deeper levels. The perinuclear
vesicles and other elements of the Golgi apparatus
are still present. These structures, along with the
mitochondria, are constantly found together
forming a perinuclear complex occurring in most
cells throughout the mucosa.
At a slightly higher level, numerous smooth,
thick-walled vesicles (Figs. 5—9) are first seen.
These thick-walled vcsicles tend to localize near
the cell membrane and are noted in cells from
which the mitochondria appear to be disappear-
ing. As elsewhere in the mucosa, keratohyalin
granules are absent at this level. In cells still
closer to the surface, plasma membranes are even
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FIG. 1. This is a tangential section through the epidermal-dermal junction. Note the "subepithelial
membrane" (s) and the "half-desmosomes" (h). The cells, containing numerous mitochondria are held
together by a few desmosomes (d) which have tonofilaments anchored to their cytoplasmic surface. C,
corium; n, nucleus. X 13,400.*FIG. 2. This is a high magnification of the epidermal-dermal junction. The cell projections (p) are
noted to extend deep into the corium (C) and the intercellular clefts (ci) are visible. X 40,000.
* The line at the bottom of each illustration denotes the length of one micron.
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FIG. 3. A melanocyte process (m) is seen between two basal cells. The epithelial cell has a Golgi
apparatus (G), many mitochondria and randomly arranged tonofilaments. X 25,600.
FIG. 4. A view of the mid-epithelial region. The cells have a granular cytoplasm and a poorly developed
endoplasmic reticulum. Desmosomes (d) and tonofilaments (t) are readily seen. X 32,000.
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Fin. 5. In the upper epithelial layers the cell membrane has many plications. It is in this region that
the thick-walled vesieles (v) begin to appear. Desmosomes are still present. X 32,000.
Fin. 6. The cells near the surface show marked folding of their borders. Some thick-walled vesieles(v) are present as are desmosomes. The cytoplasm contains short, fine, tonofilaments with no apparent
organization. c, cell at surface. X 32,000.
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FIG. 7. The mitochondria (M) are beginning to degenerate in the upper epithelium. At this point
numerous, small, thick-walled vesicles (v) first appear. X 24,000.
more folded and interdigitate with those of neigh-
boring cells, but here, fewer desmosomes are
seen. The cytoplasm at this level is relatively
clear, as all cytoplasmie organelles have dis-
appeared (Fig. 6). The cells, which are elongated
and narrow but not flat, are shed in this state.
Melanocytes (Fig. 11) are located mainly in
the basal layers of the mucosa, each having sev-
eral dendritic processes (Figs. 3 and 12) located
between neighboring epithelial cells. The den-
drites appear to shove the cells apart, and to
spread but not break the apparently resistant
desmosomes. The melanocyte lacks fibrils and
has no attachments to any adjacent cells. The
cytoplasm is for the most part clear and con-
tain numerous mitochon.dria,. spread throughout
the cells, and a well-developed endoplasmic
reticulum. An easily recognizable Golgi appara-
tus is located at one side of the round nucleus
(Fig. 11). No melanin granules are present, but
dense bodies (Fig. 11) are found in both the pen-
karyon area and in the dcndritic processes.
What appear to be peripheral nerve endings
are occasionally seen. These are round to oval
(Fig. 10) and lie in close proximity, but not
attached, to the adjacent cell membranes. They
contain numerous neurovesicles and mito-
chondria. The neurovesicles are round, small, and
their contents are of a greater density than the
surrounding cytoplasm. The mitochondria are of
the filamentous type. No flbrils were seen in these
nerve endings.
Blood vessels are plentiful in the upper corium.
The cytoplasm of the capillaries (Fig. 14) con-
tains numerous mitochondria and a well-de-
veloped endoplasmic reticulum along with nu-
merous pinocytic vesicles bordering the lumen.
One noteworthy feature involves the absence of a
capillary basement membrane, and the existence
of clear passages between the endothelial cells,
placing the lumen in direct communication with
the corium (Fig. 14).
nIscUSsION
There are many similarities and differences be-
tween keratinizing human skin and non-
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apparatus, including groups of vesicles at the
nuclear poles; yet in other ways they give the
appearance of being passive, for as they approach
the surface, they simply lose their cytoplasmie
organelles and desmosomes, elongate, become
more folded and finally slough, with no evident
secretory product being formed.
The significance of the groups of small round
vesicles loeate4 at both nuclear poles is unknown.
It seems most likely that they are a part of the
Golgi apparatus. They are present as the cell
progresses upward and assume a position on the
lateral side of the nucleus as the cell elongates.
These vesicles, along with the mitoehondria, form
a perinuelear complex which degenerates along
with nuclear breakup prior to shedding of the cell.
It is interesting that numerous small, thick-
walled vesicles were noted here as well as in pre-
vious studies of the skin. It has been postulated
that these small vesieles might be degenerating
mitochondria (7). In studying oral epithelium
where mitoehondria are abundant and the process
Fin. 8. Mitoehondria apparently degenerating
and giving rise to the thick-walled vesicles.
X 38,400.
keratinizing human oral mueosa. In essence, the
main difference lies in the ability of the skin to
produce keratin. Thus, in the mucosa, the tono-
filaments are shorter, finer, and fewer in number,
the number of desmosomes is smaller, kerato-
hyalin granules are absent as is the stratum luci-
dum and the stratum corneum.
If not for the "subepithelial membrane" there
would be no apparent separation between the
epithelium and the underlying eorium. The latter
two seem to be closely related, as suggested by the
large intercellular clefts with cells infiltrat-
ing them (Fig. 13). Also, the irregular pro-
jections of the basal cells into the eorium seem to
make for a closer continuity between these ele-
ments, the channels between capillary endothelial
cells quite possibly allowing free passage of ma-
terial from the vascular tree through the eorium
to the epithelium.
The cells of the oral mueosa might be judged to
be quite active metabolically, as they contain al with tie?
many mitochondria and a well-developed Golgi x 36,000.
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of keratinization does not complicate the study
of these organdies, it appears likely that the mito-
ehondria break down and give rise to these thick-
walled vesieles. The reasons for this latter
opinion, in addition to the appearances illus-
trated, are first, that thick-walled vesicles are al-
ways noted high in the epithelium at the same
level where mitoehondria seem to be disappear-
ing. Secondly, this reciprocal occurrence takes
place at the same epithelial cell level in both
mueosa and skin. Thirdly, this is probably not
due to fixation artifacts, as other mitochondria
in the same area are normal, and with the use of
Vestopal W, we have observed few if any prepara-
tive defects.
The melanocytes are distinctive and similar
to those noted in skin, although no melanin
granules were observed here, perhaps because of
the inactivity of the melanoeyte. The round,
smooth-walled dense bodies seen here within
melanoeytes probably represent pre-melanin
granules.
FIG. 11. A high magnification of a melanocyte.
The cytoplasm contains numerous mitochondria, a
well developed endoplasmic reticulum, A Golgi
apparatus (G) and several pre-melanin granules(g). n, nucleus. X 33,600.
The end-bulbs described are considered to
represent sensory receptors. They must be dis-
tinguished from dendrites of melanocytes and
from epithelial cells, and are quite similar to the
synaptic end-bulbs found elsewhere by others.
SUMMARY
1. The fine structure of normal human oral
mueosa is described as it appears after embedding
in Vestopal W.
2. A fibrillar "subepithelial membrane" sepa-
rates the epithelium from the eorium. An in-
timate relationship between these two is sug-
gested by basal cell projections into the eorium
and by the rather large clefts between the basal
cells. Particular importance is attached to the
lack of a basement membrane surrounding the
capillaries in the upper eorium, and to the open
Fio. 10. A peripheral nerve ending (e) is noted channels between endothelial cells that link thebetween two epithelial cells. Observe the close re- . .
lationship it has to neighboring cells. x 15,100. capillary lumen directly with the eorium.
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Fin. 12. A high magnification of a melanocyte process. (P) There are no attachments to neighboring
cells and an active appearing cytoplasm. X 38,400.
3. The Golgi apparatus, in part composed of
groups of small vesicles, is well-developed and
localized at opposite poles of the nucleus.
4. Mitochondria are abundant, and as they
degenerate, probably give rise to small thick-
walled vesicles.
5. Keratohyalin granules as well as a stratum
lucidum and stratum corncum are absent. Tono-
filaments and desmosomes are present but are few
in number.
6. Dendritic melanocytes are present, easily
distinguished and apparently inactive. No fully
formed melanin granules arc seen but dense
bodies are present, probably representing pre-
melanin granules. Peripheral nerve endings, most
likely representing sensory receptors, are also
described.
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Fa. 13. A cell (b) is seen invading the epithelium. Note the Golgi apparatus (G) in an epithelial
cell. X 16,800.
FIG. 14. A capillary is shown in the upper corium (C). A basement membrane is lacking and a channel
between the endothelial cells links the lumen (L) directly to the surrounding tissues. X 40,000.
107
N Cl
